Abstract hMSCs (human mesenchymal stem cells) express two isoforms of DNA topo II (topoisomerase II). Although both isoforms have the same catalytic activity, they are specialized for different functions in the cell: while topo IIa is essential for chromosome segregation in mitotic cells, topo IIb is involved in more specific cellular functions. A number of inhibitors are available that inhibit the catalytic activity of both topo II isoforms. However, in order to investigate the isoform-specific inhibition of these two enzymes, it is necessary to use other techniques such as siRNA (small interfering RNA) interference to selectively silence either one of the isoforms individually. Depending on the lipid charge densities and protein varieties of the cell membrane, previous studies have demonstrated that transfection efficiencies of siRNAs to hMSCs are very low. In the study reported here, we demonstrate the use of Lipofectamine RNAiMAX as an efficient transfection reagent to introduce siRNAs into human mesenchymal stem cells with significantly great efficiency to silence topo IIb selectively. A high level of transfection efficiency (80%) was achieved by using unlabelled topo IIb-specific siRNA oligos. Specifically, it was confirmed repeatedly that green labelled siRNAs interfere with the transfection of siRNAs. The reagent induced minimal cytotoxicity (3.5-4.5%), and cell viability of the transfected hMSCs decreased 20-30% compared with untreated cells, depending on the concentration of the reagent.
Introduction
In mammalian cells, two isoforms of topoisomerase II have been identified; a 170-kDa topo IIa (topoisomerase IIa) and the 180-kDa topo IIb (topoisomerase IIb). These isoforms are encoded by separate genes, but they are similar in primary structure (72%), and they have similar catalytic properties in vitro (Sakaguchi and Kikuchi, 2004) . However, they are regulated very differently. Since they differ in the cell cycle dependency and tissue specificity, it can be assumed that they play separate roles in cellular physiology. Topo IIa is mainly involved in mitotic processes and is only present in proliferating tissues (Drake et al., 1989; Austin and Marsh, 1998) . However, topo IIb is present in all tissues including terminally differentiated ones, and its level is not cell cycle dependent. This indicates that it may play a role in DNA metabolism, especially in the transcriptional activation of some inducible genes, rather than being involved in DNA replication and chromosome condensation/segregation. This possibility is supported by the finding that topo IIb has been found to be involved in gene induction during neural differentiation (Tsutsui et al., 2001; Sano et al., 2008) .
Topoisomerase inhibitors are designed to interfere with the action of topoisomerases. Commonly used topo II inhibitors are 2,6-dioxopiperazines such as and epipodophyllotoxins such as VP-16 and VM-26. However, these inhibitors are not selective, and they inhibit the enzymatic activity of both topo IIb and topo IIa. In order to investigate the cellular roles of either topo IIb or topo IIa isoforms individually, topo IIb-specific inhibition could be provided by RNA interference with the use of topo IIb-specific siRNAs (small interfering RNAs).
RNAi (RNA interference) is a form of PTGS (posttranscriptional gene silencing) in most eukaryotic cells, mediated by siRNAs. siRNAs are short double-stranded DNA sequences, which trigger degradation of mRNAs in a sequence-specific manner so that the homologous genes are silenced (Hannon, 2002; Kawasaki et al., 2004) . Because of its high efficiency and specificity, RNAi has become an important research tool for analysing gene functions in eukaryotes via the introduction of siRNAs.
Lipid-based transfections are carried out by using commercially available cationic lipids. These cationic liposomes are also known as lipoplexes, and they are capable of delivering both siRNA and siRNA-encoding plasmids through the cell membrane (Sioud and Sorensen, 2003; Spagnou et al., 2004) .
MSCs (mesenchymal stem cells) are one of the most promising adult stem cell types due to their availability and relatively simple requirements for in vitro expansion and genetic manipulation. They may be isolated from a number of tissues such as blood, placenta, amniotic fluid, heart, skeletal muscle, adipose tissue, synovial tissue and pancreas; in addition, under appropriate conditions, they can differentiate into several lineages including bone, cartilage, fat, muscle, connective tissue and tendon (Javazon et al., 2004; Kubo et al., 2009 ). It is difficult to transfect many primary cells, especially stem cells, to achieve gene knockdown by conventional methods. This could be because of a structural variation in lipid molecules of cell membrane that is able to mediate transfection (Dalby et al., 2004) . Many groups have developed techniques to deliver plasmid DNA or siRNA into hMSCs with varying efficiencies. Other groups have managed to transfer genes into hMSCs by viral or electroporation techniques. Although cell viability was reduced (16.5%) with Nucleofector technology in hMSCs, an efficiency of 45% was achieved, which is a high transient transfection efficiency compared with other non-viral methods (Lee et al., 2001; Peister et al., 2004; Zhang et al., 2004) . Another research group managed non-viral nucleic acid (DNA and siRNA) delivery in hMSCs by using Lipofectamine 2000 with a 50% efficiency (Hoelters et al., 2005) . This was the first demonstration of efficient non-viral, liposomal delivery of both nucleic acids (DNA and siRNA) into hMSCs.
Lipofectamine RNAiMAX Transfection Reagent is a cationic lipid-based reagent, which is specially produced for the delivery of siRNA. Compared with other reagents, Lipofectamine RNAiMAX requires lower concentrations of siRNAs, has minimal cytotoxicity and gives maximal cell viability. The use of this reagent in human embryonic stem cells has yielded a 90% transfection efficiency (Zhao et al., 2008) . Lipofectamine RNAiMAX is also used in hardto-transfect MSCs for the delivery of siRNAs (De Becker et al., 2007) .
This study has shown for the first time that Lipofectamine RNAiMAX is a suitable transfection reagent, thereby justifying it as the correct preference for selectively silencing topo IIb in hMSCs.
Materials and methods

Isolation and expansion of hMSCs
This work was performed under the Ethics Committee of Karadeniz Technical University (KTU), process number 2007/26. Human bone marrow aspirates were obtained from KTU, Faculty of Medicine, Department of Hematology. In brief, mononuclear cells were collected from bone marrow aspirates by Ficoll (Biochrom) density gradient centrifugation, and collected cells were suspended in DMEM (Dulbecco's modified Eagle's medium)-LG (Gibco) culture media containing 20% MSC-FBS (qualified fetal bovine serum, Gibco) and 0.2% primocin (InVivoGen). These cells were named as (P0)' (passage 0) and incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . After 72 h, non-adherent cells were removed by culture medium refreshment. Cells were detached using 0.25% trypsin-EDTA solution (Gibco) 10-14 days after isolation and replated and termed as 'P1' following this first subculture. Cell expansion was carried out in complete medium containing DMEM-LG and 15% MSC-FBS. After three subcultures, cells selected by plastic adherence were screened by flow cytometry for CD73, CD105, CD45, CD34 and HLA-DR cell surface markers.
Flow cytometry
To confirm that hMSCs maintain their phenotypic characteristics after growth in culture, undifferentiated hMSCs were subjected to flow cytometry analysis. Fifteen surface markers of hBM (human bone marrow)-MSCs at passage 3 were assayed. After each passage, stem cells were harvested and suspended in their culture medium at a concentration of 1610 6 cells/ml. After a brief centrifugation, cells were resuspended in wash buffer (BD Biosciences), and 100 ml of cell suspension was incubated with antigen-specific antibodies for 45 min at room temperature. Flow cytometry was performed using a FACSCalibur (BD Biosciences). The data were analysed with Cell Quest software (BD Biosciences), and the forward and side scatter profile gated out debris and dead cells. Immunophenotyping of hBM-MSCs was performed with antibodies against the following human antigens: CD13, CD29, CD44, CD73, CD90, CD146, CD166, HLA-ABC, CD11b, CD14, CD15, CD34, CD45, CD117, HLA-DR, and their isotype controls [IgG1 FITC, IgG2a PE (phycoerythrin) and IgG1 PE)]. All of the antibodies were supplied by Becton Dickinson.
LDH (lactate dehydrogenase) assay
The day before the LDH assay (Roche), cells were seeded into 24-well culture plates with complete medium at 30-50% confluency (1610 4 hMSCs/well). After siRNA transfection of hMSCs with Lipofectamine RNAiMAX (Invitrogen), cells were incubated at 37˚C in a CO 2 incubator for 72 h. To determine the LDH activity, 100 ml of cell culture medium was transferred into a 96-well plate at 12, 24, 36, 48, 60 and 72 h. Then, 100 ml of the reaction mixture was added to each well, and the plate was incubated for 30 min at room temperature, protected from light. The absorbance was then measured in a microplate reader (BioTek) at 490/690 nm.
Cell viability and proliferation assay
First, 2610 3 cells/well were seeded into 96-well culture plates with complete medium at 30-50% confluency. In brief, siRNA transfection was carried out on the next day. After siRNA transfection of hMSCs with Lipofectamine RNAiMAX, cells were incubated at 37˚C in a 5% CO 2 incubator for 72 h. The WST-1 assay was performed according to the manufacturer's instructions after 24, 48 and 72 h of transfection. On the day of WST-1 assay, 10 ml of cell proliferation reagent WST-1 (Roche) was added to each well and incubated at 37˚C in 5% CO 2 incubator for 4 h. The absorbance was measured in a microplate reader (BioTek) at 450/690 nm.
GFP (green fluorescent protein) plasmid and siRNA transfection
HEK (human embryonic kidney) 293 cells, which are originally derived from human embryonic kidney and hMSCs, were used. HEK 293 cells were cultured in DMEM-LG (Gibco) culture media containing 10% FBS (Biochrom) and 1% penicillin/streptomycin (Biochrom). Cells were incubated at 37˚C in a humidified atmosphere containing 5% CO 2 and subcultured twice in a week. Lipofectamine RNAiMAX was diluted with Opti-MEMH in a 1:50 ratio. For the silencing of topo IIb, two different validated siRNAs (TOP2B_5 and TOP2B_6 from Qiagen) were used for transfection. Sequences of TOP2B_5 and TOP2B_6 used in the experiment were TCGGGCTAGGAAAGAAGTAAA and CAGCCGAAA-GACCTAAATACA, respectively. Opti-MEM was used to dilute siRNAs at a ratio of 1:100. Diluted siRNA and reagent were mixed in one tube and incubated for 15 min at room temperature to allow the siRNA-Lipofectamine RNAiMAX complexes to form. Five hundred microlitres of siRNA-Lipofectamine RNAiMAX complexes were added into the wells containing cells and medium, by rocking the plate back and forth. Cells were incubated at 37˚C in a 5% CO 2 incubator for 24-48 h. After 24 h incubation, the medium containing complex was removed and replaced by the complete medium.
RT-PCR
RNA samples of hMSCs were extracted by using RNeasy kit (Qiagen). Of total RNA, 0.5 mg was reverse transcribed to obtain cDNA using the Quantitect Reverse Transcription kit (Qiagen). A cDNA library was obtained after 35 cycles of amplification (PCR core kit, Qiagen). Forward and reverse primers were ACAGGTG-GTCGTAATG and GTTTCACTGATACACC, yielding a 508-bp PCR product for TOP2b, ACCATTGCAGCCTGTA and GCTCTTCCCA-TATTATCC yielding a 596-bp PCR product for TOP2a, and CGCAC-CACTGGCATTGTCAT and GTGGCCATCTCCTGCTCGAA yielding a 208-bp PCR product for actin. PCR was performed 35 cycles for TOP2b (60˚C) and TOP2a (54˚C), 30 cycles for actin (60˚C).
Western blot
hMSCs were seeded into 10-cm culture Petri dishes (Falcon) for Western blotting with the frequency of 1610 6 cells as a final outcome in cell number. After 24-96 h, cells were harvested in lysis buffer (50 mM Tris/HCl pH 6.8, 2 mM EDTA pH 8.0, 1% SDS, 1% 2-mercaptoethanol, 8% glycerol and 2% protease inhibitor cocktail), then protein concentrations were determined by a microassay procedure in accordance with Bradford Method (Protein Assay Kit; Bio-Rad). Cell lysates were analysed via either 6 or 7.5% (w/v) SDS/PAGE gels. Western blot was conducted using a dry blot system (iBlot; Invitrogen). The blots were incubated in blocking solution [5% skimmed milk, 0.1% Tween 20 in 1 M Tris/HCl (pH 7.5), 5 M NaCl] for 2 h at room temperature; then, they were incubated with primary antibodies specific to topo IIb (1:1000; mouse; BD), and actin (1:500; rabbit; Santa Cruz) for 1 h at 30˚C. PVDF membranes were treated with HRP-conjugated either goat-anti-mouse (1:5000; Chemicon) or goat-anti-rabbit
(1:25000; Chemicon) secondary antibodies for 1 h at room temperature. Binding was detected on autoradiography film via chemiluminescence substrate (Vector Lab) addition.
Results
Immunophenotype of isolated hMSCs from BM (bone marrow)
Flow cytometry results showed that after isolation by differential centrifugation, hMSCs at passage 3 expressed CD13, CD29, CD44, CD73, CD90, CD146, CD166, and HLA ABC, whereas they showed a lack of CD11b, CD14, CD15, CD34, CD45, CD117 or HLA-DR antigens ( Figure 1 , Table 1 ). This data indicated that hMSCs used in this study had the same characteristics of hMSCs reported in previous studies (Kemp et al., 2005; Motaln et al., 2010) .
GFP plasmid and siRNA transfection of hMSCs
In this study, hMSCs derived from bone marrow were chosen due to their high abundance in the bone marrow and also easiness to isolate and expand in the culture. After flow cytometry analysis, cells at third passage were subjected to the GFP-plasmid and siRNA transfection experiments in hMSCs. HEK 293 cell line was used as a positive control. Approximately 100% efficiency was observed for GFP plasmid transfection of HEK 293 with Lipofectamine 2000 and FuGENE HD transfection reagents. Increasing concentrations of reagent and lack of the serum resulted in higher cytotoxicity for HEK 293 cells (data not shown). However, for MSCs, efficiency did not exceed 25%. Alexa Fluor 488-labelled control siRNAs were delivered with Lipofectamine RNAiMAX and Lipofectamine 2000 to HEK 293 cells with about 95-100% efficiency. Unfortunately, this method was also insufficient for hMSCs. The possibility that the label at the end of oligo might be preventing efficient delivery of the siRNA into the cell led us to use unlabelled siRNAs (Figure 2 ).
Selective silencing of topo IIb with Lipofectamine RNAiMAX reagent
Two RNA duplexes of 21 nucleotides in length for topo IIb (validated unlabelled siRNAs) were obtained from a commercial source, and hMSCs were transfected with a combination of these two siRNAs in Lipofectamine RNAiMAX reagent. Cells were assayed 24, 36, 48, 60 and 72 h after transfection by RT-PCR ( Figure 3A) . Specific human DNA primers were used for actin (as a control) and topo IIb genes. Cells transfected with topo IIbspecific siRNAs resulted in a significant reduction in topo IIb at mRNA level. Most of the endogenous topo IIb mRNA disappeared between 24 and 60 h after transfection. At 60 h of transfection, endogenous topo IIb mRNA reappeared slightly, and after 72 h, almost more than half of the mRNA was retrieved ( Figure 3A) . A cytoskeleton protein, actin, was used to show that transfection is not non-specific. Actin mRNA was not affected by transfection. To extend the silencing period of the topo IIb gene, a second transfection was performed after 48 h. Then, silencing of the topo IIb was reanalysed between 24 and 96 h after transfection by RT-PCR ( Figure 3B ). At this time, almost 80% silencing was reached after 24 h of the transfection, and this low level of topo IIb was observed even after 96 h after transfection. Also, since topo IIb has its isoform, topo IIa, the mRNA level of topo IIa was also checked during 96 h of siRNA transfection to investigate whether topo IIb is silenced selectively. The results clarified that topo IIa expression at mRNA level is not changed by the siRNA transfection ( Figure 3B ). Topo IIb gene silencing was also confirmed by Western blotting at the protein level ( Figure 3C ). In a Western blot, monoclonal antibody raised against topo IIb, clone 40, specifically recognized a 180-kDa polypeptide in hMSCs. On the first day after treatment, the topo IIb protein level was approximately 10-15%, and no protein bands were observed in the later days of the transfection.
Cytotoxicity and proliferation assays
The LDH cytotoxicity detection kit is a colorimetric assay for the quantification of cell death and cell lysis, based on the determination of LDH activity released from the cytosol of damaged cells into the medium, thus indicating cell membrane damage. The LDH cytotoxicity assay kit was used following the manufacturer's instructions. The integrity of the plasma membrane was evaluated by an LDH assay following 12, 24, 36, 48, 60 and 72 h incubating the cells with 8, 25 and 50 nM of topo IIb-specific siRNAs by Lipofectamine RNAiMAX transfection reagent ( Figure 4A ). Relative cytotoxicity of the reagent in transfected hMSCs increases in the first 24 h in a dose-dependent manner and then become stabilized in a time-dependent manner.
The percentage of the damaged cells by the reagent during this
Cell Biology International Reports CBR20110003GOS.3d 21/4/11 15:11:12 Figure 1 Representative flow cytometry analysis of cell surface markers in hBM-MSCs at passage 3 Table 1 List of cell surface markers in hBM-MSCs at passage 3 indicated in Figure 1 Cell surface antigen Presence in hMSCs at passage 3 (%) Figure 4B ). The increased concentration of topo IIb-specific siRNAs (25 and 50 nM) did not cause a significant difference in the viability of the transfected cells compared with the lower concentration.
Discussion and conclusion
In mammals, topo II has two isoforms called topo IIa and topo IIb. Since commercial topo II inhibitor drugs inhibit both isoforms of topo IIa and topo IIb, a selective method such as siRNA interference for specific topo IIa or topo IIb silencing was used.
There are several studies (Sakaguchi and Kikuchi, 2004; Emmons et al., 2006) which have used siRNAs for selective topo IIb inhibition in cancer lines, but there are none in hMSCs. siRNA duplexes have been widely used to investigate the roles of some critical genes in the self-renewal maintenance and differentiation of hMSCs (Hoelters et al., 2005) . But, as with many primary cells and stem cells, hMSCs are very difficult to transfect with respect to cell lines. Although several common transfection reagents and Lipofectamine RNAiMAX have been described to transfect siRNAs into hMSCs (De Becker et al., 2007; Ho et al., 2009 ) so far, a detailed study about Lipofectamine RNAiMAX should be exploited. In this study, three reagents were used in order to obtain desired silencing at hMSCs. With Lipofectamine 2000 and FuGENE HD transfection reagents, almost 95-100% efficiency was observed at GFP plasmid transfection of control HEK 293 cell line. However, in MSCs, efficiency did not exceed 25%. Also, carrying out transfections in serum-free medium did not cause any increase in efficiency even if it increased the cytotoxic effect of the reagents. These results led us to try delivering siRNA oligos, since they have smaller sizes, and they do not need to reach the nucleus Cell Biology International Reports CBR20110003GOS.3d 21/4/11 15:11:15 to induce RNA interference. Alexa Fluor 488-labelled control siRNAs were delivered with Lipofectamine RNAiMAX and Lipofectamine 2000 to HEK 293 with about 100% efficiency. Unfortunately, this method was also ineffective for hMSCs. The possibility that the label at the end of oligo might be preventing efficient delivery of the siRNA into the cell led us to use unlabelled siRNAs. Topo IIb-specific siRNAs were delivered with Lipofectamine RNAiMAX to hMSCs. A significant silencing (about 80%) was observed at the mRNA level and 85-90% at the protein level of the topo IIb enzyme during 96 h of siRNA transfection.
Concerning the cytotoxicity, the transfection of hMSCs with Lipofectamine RNAiMAX caused cytotoxicity in only 3.5-4.5% of cells. A significant decrease in cell viability was not observed in relation with the cytotoxicity. Considering the graphical analysis of these two assays, an almost negative correlation between the cytotoxicity and cell viability assays was indicated.
In conclusion, we achieved to transfect hMSCs with topo IIbspecific siRNA oligos by using Lipofectamine RNAiMAX reagent with high transfection efficiency, low cytotoxicity and high cell viability. In further studies, the results of selective topo IIb inhibition will lead us to reveal the function of topo IIb during transdifferentiation of hMSCs into neuronal cells.
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